First-egg date and air temperature affect nest construction in Blue Tits Cyanistes caeruleus, but not in Great Tits Parus major by Britt, Jennifer & Deeming, Charles
  
PLEASE SCROLL DOWN FOR ARTICLE
This article was downloaded by: [Deeming, D Charles]
On: 16 February 2011
Access details: Access Details: [subscription number 933575918]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK
Bird Study
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t904369352
First-egg date and air temperature affect nest construction in Blue Tits
Cyanistes caeruleus, but not in Great Tits Parus major
Jennifer Britta; D. Charles Deeminga
a Department of Biological Sciences, University of Lincoln, Lincoln, UK
Online publication date: 16 February 2011
To cite this Article Britt, Jennifer and Deeming, D. Charles(2011) 'First-egg date and air temperature affect nest
construction in Blue Tits Cyanistes caeruleus, but not in Great Tits Parus major', Bird Study, 58: 1, 78 — 89
To link to this Article: DOI: 10.1080/00063657.2010.524916
URL: http://dx.doi.org/10.1080/00063657.2010.524916
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.
© 2011 British Trust for Ornithology
Bird Study (2011) 58, 78–89
 First-egg date and air temperature affect nest 
construction in Blue Tits  Cyanistes caeruleus , 
but not in Great Tits  Parus major 
 JENNIFER  BRITT and  D.  CHARLES DEEMING * 
 Department of Biological Sciences ,  University of Lincoln ,  Riseholme Park ,  Lincoln ,  LN2 2LG ,  UK 
 Capsule For nest construction by Blue Tits, but not Great Tits, first-egg date (FED) and air temperature 
significantly affected the mass of the nest as a whole and some of its component parts. 
 Aims To test the hypothesis that use of nest materials is influenced by prevailing climatic conditions 
during nest construction. 
 Methods Nests used in the study were built by Blue Tits  Cyanistes caeruleus and Great Tits  Parus major 
in nestboxes at a site in Lincolnshire, England during the 2008 and 2009 breeding seasons. Nests were 
dissected into their component parts and then weighed. 
 Results Stepwise discriminant analysis showed that the masses of grasses, feathers and bark were 
significantly affected by species (all higher in Blue Tits) and year significantly affected the mass of wool 
and dust in the nests.  ANOVA showed that total mass of the nest was not significantly affected by year of 
construction or species. By contrast, species, but not year, did significantly influence the masses of 
animal- and plant-derived materials in the nest. In Blue Tit nests there were significant correlations between 
FED and the mass of animal-derived material in 2008, but with plant-derived material in 2009. There 
were significant correlations between mean air temperature recorded during the seven days up to FED 
and the mass of the nests and their plant-derived materials. No significant correlations were observed 
between FED and nest components for Great Tits. 
 Conclusion Nest construction is potentially affected by a variety of environmental factors, which may 
impact upon how nests function. A better understanding of how nest variability affects its function may 
allow better assessment of how climate change may impact upon the reproductive performance of 
birds. 
 The nest has many roles to play in avian reproduction 
(Hansell 2000). It acts as a container for eggs and after 
hatching, chicks (although not in all cases). It can pro-
vide some physical protection from potential predators 
and it isolates the incubating adult, eggs and chicks 
from the immediate environment (Elkins 1988). For 
many species there is extensive knowledge of where 
nests are built and what types of materials are used in 
their construction, but functional properties of nests 
are still relatively unstudied. 
  The focus for nest research has been in relation to 
energy expenditure of the adult as it incubates and 
studies have focussed on measuring the insulative prop-
erties of intact passerine nests using flasks of hot water 
(Palmgren & Palmgren 1939, Whittow & Berger 1977, 
Walsberg & King 1978a, b, Skowron & Kern 1980, 
Kern 1984, Kern & Van Riper 1984). More recently, 
Ar & Sidis (2002) reported cooling rate constants of a 
steel ball in a Common Blackbird  Turdus merula nest. 
Lamprecht & Schmolz (2004) used Quail  Coturnix 
coturnix eggs as a model to measure cooling rates in 
nests in European Passerines using infrared thermogra-
phy to visualize the insulative properties of the nest. 
Hilton  et al. (2004) constructed artificial nests of a 
variety of natural materials and used Domestic Fowl 
 Gallus gallus domesticus eggs to determine rates of cool-
ing. An electronic apparatus was used by Pinowski 
 et al. (2006) to mimic heat production of a roosting 
Tree Sparrow  Passer montanus and cooling rates were 
measured in a variety of nests and nestboxes. Although 
interesting in their own right it is not clear what these  *Correspondence author. Email: cdeeming@lincoln.ac.uk 
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studies tell us about how nests function in a natural 
situation because presumably the nests constructed by 
different birds will exhibit variation in size and con-
struction materials. 
  Variability in nest construction is documented (Kern 
1984, Hansell 2000, Alabrudzin´ska  et al. 2003, Tomás 
 et al . 2006, Moreno  et al. 2009). The question arises of 
how much of this variation reflects the particular situa-
tion in which a bird builds its nest, which may be influ-
enced by the availability of nest materials, prevailing 
weather, the time of the year, and even presence of 
ectoparasites in the nest (Moreno  et al. 2009). For 
instance, if nest construction by the adult were to be 
influenced by prevailing climatic conditions, for exam-
ple temperature, then nests constructed during differ-
ent breeding years should reflect this difference. During 
cold weather a bird may build a nest that it is better 
insulated than it would have been if the air tempera-
ture during the construction had been warmer. Such 
differences would impact upon energy expenditure by 
an incubating adult during both construction and incu-
bation. A better insulated nest may take longer to build 
and involve greater energy expenditure, but it may save 
energy during the incubation period if the weather is 
cold during this time. 
  To date, just how variability of the nest directly 
relates to prevailing climate has not been investigated, 
although Tomás  et al . (2006) reported that nest mass in 
Blue Tits did not differ between years despite a differ-
ence of around 3°C in mean temperature. Mainwaring 
& Hartley (2008) showed that the mass of lining of 
Blue Tit  Cyanistes caeruleus nests inversely correlated 
with first-egg date (FED), but no climatic conditions 
were described. Moreno  et al . (2009) showed that for 
Blue Tits and Pied Flycatchers  Ficedula hypoleuca nest 
mass varied between years and locations although com-
position of nests only varied between locations for the 
latter species. 
  In the present study nests of Great Tits  Parus major 
and Blue Tits constructed in bird boxes were collected 
during 2008 and 2009 and were dissected to determine 
the quantities of materials used. These two species appar-
ently have different preferences for nest materials 
(Perrins 1979) and so data were first used to determine 
whether nest materials used by Great Tits and Blue Tits 
were different. A null hypothesis that nest construction 
had no effect on reproductive parameters, for example 
hatching or fledging success, was then investigated for 
both species. The study then went on to test the hypoth-
esis that nest construction would be different between 
two breeding seasons because it reflects differences in 
climatic conditions during nest construction. Therefore, 
the analysis examined whether year of construction, air 
temperature during nest building and FED could be 
considered as significant factors determining the con-
struction of the nest for these species. 
 METHODS 
 This study was carried out at Riseholme Park Campus, 
University of Lincoln (53° 16′ N, 0° 31′ W) in seven 
small areas of mainly deciduous woodland (ranging 
from 0.5 to 4.0 ha) and surrounded by farmland. A 
total of 64 nestboxes (with base dimensions of 115 mm 
× 140 mm and minimum height of 155 mm) were 
available during 2008 for Blue Tits and Great Tits to 
use. In 2009 the number of boxes was increased to 75 
by positioning new boxes in areas of the woodland that 
did not have boxes previously. Within each woodland 
area the boxes were between 50 and 100 m apart. 
During both breeding seasons nest building, incubation 
and chick rearing were monitored every 3–4 days, 
according to the British Trust for Ornithology Nest 
Record Scheme ( http://www.bto.org/survey/nest_
records/index.htm ). This allowed for FED, clutch size 
and fledging success to be recorded for each nest. Pulli 
masses were not recorded prior to fledging, nor was it 
possible to identify the individual females occupying 
the nestbox. Climatic conditions for a location 5 km 
away in Lincoln during March, April and May for both 
years were obtained from a local source (Mr Steve 
Harris, Lincoln, pers. comm.). Climatic parameters 
were averaged for the seven days leading up to and 
including the FED. 
  Once the breeding season had been completed, i.e. 
fledglings had left the nest for at least 14 days and there 
was no sign of re-nesting, nests were collected from the 
boxes. Generally the nests were constructed in such a 
way that they could be lifted intact from the box. In 
2008, 12 Blue Tit nests and 26 Great Tit nests were 
collected compared with 9 and 20 nests respectively in 
2009. 
  Nests were sealed in labelled plastic bags and frozen 
at −20°C for 3–4 days to kill any invertebrates present. 
In the laboratory, each nest was dissected into its dis-
tinct material components, which were totalled and 
weighed (in grams, to two decimal places). Any com-
ponents not considered to be building materials, for 
example, faeces, eggs and nestling bones, were not 
included in the nest mass, which was the sum of the 
other components including residual unidentifiable 
dust. This was the dry mass; it was found that the nest 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
em
in
g,
 D
 C
ha
rl
es
] 
At
: 
09
:3
1 
16
 F
eb
ru
ar
y 
20
11
80   J. Britt and D.C. Deeming
© 2011 British Trust for Ornithology, Bird Study,  58, 78–89
materials dried out during the dissection and sorting 
process. Further analysis made a distinction between 
the components of the nest derived from plant materi-
als, which were often the structural part of the nest, 
and components derived from animals, which were 
typically lining materials around the nest cup. The pro-
portion of the total mass was calculated for each com-
ponent material and for plant- and animal-derived 
components combined. 
 Statistical analysis 
 Unless stated otherwise statistical analysis was carried 
out using  pasw (version 17.0,  www.spss.com ). The 
effects of species and year as fixed factors were investi-
gated using two-way  anova on clutch size and fledging 
success as well as the total nest mass, and masses of ani-
mal- and plant-derived materials. 
  A stepwise discriminant analysis was run on the data 
for the masses of the different materials in the nest from 
both species and both years using  tanagra 1.4.31 statisti-
cal software (free download from:  http://eric.univ-lyon2.
fr/~ricco/tanagra/en/tanagra.html ). A forward analysis 
with a significance level set at an  F -value of 3.84 (default) 
was performed for all values of mass of all the different 
nest components simultaneously comparing either species 
or year. This analysis used a single test to identify those 
nest materials that significantly contributed to the differ-
ences between the discrete variable of interest and 
replaced multiple  anova tests. The same technique was 
used to assess the effect of species or year on mean values 
of each component as a proportion of total mass, although 
the data were arcsine transformed prior to analysis to 
normalize the data. 
  Given the significant effect of species, the effect of 
year as a fixed factor and FED as a covariate on masses 
of nest components was analysed for each species using 
 ancova . Spearman’s signed-rank correlation tests were 
used to investigate the relationship between the num-
ber of fledglings and the amount of dust in a nest. 
Spearman’s rank correlation tests were used to study 
the relationships of FED and the mean seven-day air 
temperature with the total nest mass and the masses of 
animal- and plant-derived materials in the nests. 
 RESULTS 
 Reproductive statistics 
 Overall reproductive performance for both Blue Tits 
and Great Tits was higher during 2009 than in 2008 
(Table  1 ). Clutch sizes were higher in 2009 than in 
2008, although the mean proportion of eggs hatching 
was lower. Fledging success was much higher in 2009 
for both species and so in total more chicks fledged. For 
both species, as indicated by FED, nesting was initiated 
around two weeks earlier in 2009 than in 2008 (Table 
 1 ), although within each year there was no difference 
in average FED between species (Mann Whitney  U = 
140.0 [ n 1 = 12,  n 2 = 26],  P > 0.05;  U = 73.5 [ n 1 = 9,  n 2 
= 20],  P > 0.05 for 2008 and 2009 respectively).  anova 
examining the effects of year and species as fixed fac-
tors on these variables showed that there was only a 
significant effect of species on clutch size ( F 1,63 = 11.87, 
 P = 0.001) and a significant effect of year on the num-
ber of fledglings ( F 1,63 = 7.84,  P = 0.007). No other sig-
nificant effects or interactions were observed. 
 Table 1. Clutch size, hatching and fledging success for Blue Tits and Great Tits using the nests examined during 2008 and 2009. Values are 
means ± se.
 Blue Tits  Great Tits 
 Year  2008  2009  2008  2009 
 Number of nests  12  9  26  20 
 Mean Julian day for first-egg date  123.8 ± 1.1  119.2 ± 2.3  124.9 ± 0.9  115.5 ± 1.3 
 Clutch size (number of eggs)  8.0 ± 0.4  8.7 ± 0.5  6.5 ± 0.3  7.5 ± 0.3 
 Hatching success (% of clutch)  87.9 ± 3.4  76.7 ± 9.8  93.6 ± 2.0  86.1 ± 5.3 
 Fledged pulli (number of birds)  1.5 ± 0.7  4.1 ± 1.1  2.1 ± 0.4  3.5 ± 0.8 
 Fledging success (% of clutch size)  18.1 ± 8.1  47.5 ± 12.0  32.3 ± 6.1  45.0 ± 9.5 
 Fledging success (% of hatching success)  34.4 ± 9.0  47.6 ± 12.7  34.7 ± 6.7  48.3 ± 10.0 
 Mass of nest (g)  26.7 ± 2.5  26.8 ± 2.6  24.7 ± 1.0  27.6 ± 1.3 
 Nest components 
 For the mean dry mass of the nests (Table  1 )  anova 
showed no significant effect of species or year and there 
was no significant interaction between these fixed fac-
tors (Table  2 ). The types of materials found in the nests 
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of the two species were similar for both years, but they 
varied in the amounts found (Fig.  1 ). Ranked by mass, 
moss was the largest component of the nests for both 
species followed by dust, grass, fur (considered to be 
from rabbits) and hair (from horses or possibly cattle). 
affected two components: wool ( L = 0.928,  F 1,65 = 4.28, 
 P = 0.042), which was higher in 2008 (Fig.  1 ); and dust 
( L = 0.878,  F 1,64 = 4.36,  P = 0.041), which was higher in 
2009 (Fig.  1 ). All other materials exhibited no significant 
effect of species or year. When masses of the various mate-
rials expressed as a proportion of the total mass were run 
through the stepwise discriminant analysis species had a 
significant effect on grass, feathers and bark with the addi-
tion of moss and stems (grass:  L = 0.535,  F 1,65 = 56.56,  P < 
0.001; feathers:  L = 0.396,  F 1,64 = 22.43,  P < 0.001; bark: 
 L = 0.317,  F 1,63 = 15.66,  P < 0.001; moss:  L = 0.281,  F 1,62 
= 7.96,  P = 0.006; stems:  L = 0.260,  F 1,61 = 4.90,  P = 
0.031). Patterns were comparable to those shown in Fig. 1. 
Year only significantly affected the amount of wool as a 
proportion of the total mass ( L = 0.922,  F 1,65 = 5.51,  P = 
0.022), which was higher in 2008. 
  For both animal- and plant-derived materials  anova 
showed that mean mass was significantly affected by 
species, but not by year or the interaction (Fig.  2 , Table  2 ). 
In Blue Tit nests the plant-derived materials were 
heavier than in Great Tit nests, whereas in the latter 
the animal-derived materials were heavier. Identical 
patterns of significance were observed for masses of 
Figure 1. Mean (+ se) mass in grams, for different materials of the nests of Blue Tits (BT) and Great Tits (GT) collected during 2008 and 
2009. 
 Table 2. Results of  ANOVA for the effects of year and species as fixed 
factors for mass (g) of the total nest and the animal- and plant-derived 
components. Values are  F 1,63 in all cases with  P -values in parentheses.
 Total  Animal  Plant 
 Year (Y)  0.74 (0.394)    0.00   (0.992)  0.20   (0.659) 
 Species (S)  0.11 (0.742)  25.38 (<0.001)  8.58 (0.005) 
 Interaction 
 (Y*S) 
 0.59 (0.445)    2.14   (0.148)  0.08   (0.780) 
 R 2 for the 
 model 
 0.035  0.297  0.128 
 Values in bold text indicate significant effects of species. 
 Stepwise discriminant analysis showed that there were 
only three components that were significantly different 
between the two tit species: grass ( L = 0.524,  F 2,64 = 29.12, 
 P < 0.001); feathers ( L = 0.392,  F 2,63 = 10.52,  P < 0.001); 
and bark ( L = 0.332,  F 2,62 = 5.70,  P = 0.005). All were 
higher in Blue Tit nests (Fig. 1). Year only significantly 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
em
in
g,
 D
 C
ha
rl
es
] 
At
: 
09
:3
1 
16
 F
eb
ru
ar
y 
20
11
82   J. Britt and D.C. Deeming
© 2011 British Trust for Ornithology, Bird Study,  58, 78–89
these types of materials when expressed as a proportion 
of the total mass and so are not reported. 
Figure 2. Mean (+ se) mass in grams, for the animal- and plant-derived materials of the nests from Blue Tits (BT) and Great Tits (GT) collected 
during 2008 and 2009. **Significant effect of species at P < 0.01; ***significant effect of species at P < 0.001 (Table 3).
 The significant effect of year on mass of wool in 
nests was examined further by examining the changes 
in proportion of the animal-derived nest material for 
the two species between 2008 and 2009. The mass of 
hair, wool, feathers and fur expressed as a proportion 
of the total mass of animal-derived material are 
shown in Fig.  3 . For Great Tits the reduction in the 
use of wool in nests from 2009 was largely balanced 
out by an increase in the amount of fur. In 2008 
there was a significant negative correlation between 
the amount of wool and the amount of fur in the 
nest (Spearman’s rank correlation:  r = −0.575,  n = 
26,  P < 0.01). No such correlation existed in nests 
from 2009, but there was a significant negative cor-
relation between the amount of hair and fur in a nest 
(Spearman’s rank correlation:  r = −0.874,  n = 20, 
 P < 0.001). There were no other significant correla-
tions for these components. For Blue Tits the reduc-
tion in wool in nests in 2009 was matched by a 
reciprocal increase in the amount of fur (Fig.  3 ). The 
only significant correlations between the different 
lining components in this species were the negative 
relationships between the proportions of feathers 
and of fur for both years (Spearman’s rank correla-
tions: 2008,  r = −0.751,  n = 12,  P < 0.01; 2009,  r = 
−0.762,  n = 9,  P < 0.05). 
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Figure 3. Mean (+ se) proportions of different lining materials as a proportion of the total mass of lining material for nests of (a) Great Tits 
and (b) Blue Tits in 2008 and 2009. 
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 Nest mass and reproductive output 
 For Blue Tits there were no significant correlations 
between the proportion of eggs hatching or the propor-
tion of hatchlings fledging and mass of the total nest, 
the lining or the structural component. For Great Tits in 
2008 there was significant positive correlation between 
proportion of eggs hatching and mass of animal-derived 
material (Spearman’s rank correlation:  r = 0.498,  n = 26, 
 P < 0.01) and a negative correlation with fledging suc-
cess and mass of plant-derived material (Spearman’s rank 
correlation:  r = −0.405,  n = 26,  P < 0.05). By contrast, 
in 2009, when fledging success was higher, there was a 
significant positive correlation between total nest mass 
and proportion of hatchlings fledging (Spearman’s rank 
correlation:  r = 0.583,  n = 20,  P < 0.01) and a positive 
correlation between hatching success and mass of plant-
derived materials (Spearman’s rank correlation:  r = 
0.470,  n = 20,  P < 0.05). 
  Dust, mainly a by-product of feather growth in 
chicks, was a significant part of the nests of both spe-
cies (Fig.  1 ). When data for the nests collected over 
the two years were combined for each species there 
were significant positive correlations between the num-
ber of fledglings that left the nest and the mass of dust 
collected from the nest (Spearman’s rank correlations: 
Blue Tits,  r = 0.536,  n = 20,  P < 0.05; Great Tits:  r = 
0.522,  n = 46,  P < 0.001). Presumably, the activity of a 
higher number of fledglings during 2009 produced a lot 
more feather dust and perhaps broke down more of the 
dry plant material into dust. 
 Temporal and environmental effects 
 Total mass of the nest showed no correlation with 
FED for either year or species, with the exception of 
a significant negative correlation in 2009 for Blue 
Tits (Table  3 ), which appeared to be related to a 
similar relationship for plant-derived material (Table 
 3 ). The mass of animal-derived nest material for 
Blue Tits showed a significant negative correlation 
 Table 3. Spearman signed-rank correlation values ( r , with P -values in parentheses) for the relationships between first-egg date and the mass 
(g) of the total nest and the animal- and plant-derived materials in the nests of Blue Tits (see Fig.  4 ) and Great Tits constructed during 2008 
and 2009.
 2008  2009 
 Total  Animal  Plant  Total  Animal  Plant 
 Blue Tit  −0.457 (0.135)  −0.668 (0.018)  −0.350 (0.265)  −0.693 (0.039)  0.116 (0.767)  −0.693 (0.039) 
 Great Tit  −0.068 (0.741)  −0.214   (0.340)  0.303 (0.141)  0.238   (0.313)  −0.054 (0.822)  0.092   (0.700) 
 Numbers of nests are shown in Table  1 . 
 Table 4. Results of  ANCOVA for the effects of year as a fixed factor 
and first-egg date (FED) as a covariate for mass (g) of the total nest 
and the animal- and plant-derived components. Values are  F 1,18 in 
all cases with  P -values in parentheses.
 Total  Animal  Plant 
 Year  3.04 (0.098)  2.81 (0.111)  3.18 (0.092) 
 FED    5.29 (0.034)  1.32 (0.265)    5.68 (0.028) 
 R 2 for the model  0.141  0.041  0.156 
 Values in bold text indicate significant effects of species. 
with FED in 2008, but not in 2009 (Fig.  4 , Table  3 ). 
By contrast, in 2009 there was a significant negative 
correlation between plant-derived nest material that 
was not observed in 2008 (Fig.  4 , Table  3 ).  ancova 
for year as a fixed factor and FED as a covariate 
showed a significant effect of FED for both the total 
nest mass and the mass of plant material, but no sig-
nificant effect of year (Table  4 ). Neither year nor 
FED significantly affected the mass of animal-derived 
materials.
 Data for air temperature and rainfall for the seven 
days prior to and including the FED for nests in 2008 
and 2009 are shown in Table  5 . Temperatures were 
comparable, but total rainfall was much higher in 2008. 
Given that air temperature was independent of FED it 
was possible to combine the data for Spearman’s corre-
lation analyses between total masses and that for ani-
mal- and plant-derived materials for Blue Tit nests. It 
was shown that mean air temperature was significantly 
inversely correlated with total mass and the mass of the 
plant-derived materials (Fig.  5 ), but there was no rela-
tionship between temperature and animal-derived 
materials (Table  6 ). 
 For Great Tits there were no significant correla-
tions between FED, or air temperature, and mass of 
animal- or plant-derived nest materials in either year 
(Tables  3 and  6 ). In addition,  ancova revealed no 
significant effects of year or FED on either the total 
mass of the nest or the animal- and plant-derived 
materials (Table  4 ). 
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Figure 4. Mass (g) of the animal- and plant-derived materials of Blue Tit nests plotted against first-egg date in 2008 and 2009. 
 Table 5. Mean (± se) values for temperature and rainfall calculated 
for the seven days leading up to and including the average first-egg 
date (FED) for each Great Tit nest for each year (days 125 and 
115 respectively).
 2008  2009 
 7 days before 
day 125 
 7 days before 
day 115 
 Mean temperature (°C)  11.0 ± 1.2  11.9 ± 0.4 
 Mean minimum temperature (°C)  7.5 ± 1.1  7.4 ± 0.7 
 Mean maximum temperature (°C)  15.4 ± 1.2  17.1 ± 0.7 
 Mean rainfall (mm)  1.3 ± 1.0  0.3 ± 0.3 
 Total rainfall (mm)  9.2  2.1 
 DISCUSSION 
 Nest components 
 Materials used in bird nests have been reviewed by vari-
ous authors (Skutch 1976, Collias & Collias 1984, 
Hansell 2000), but the present study presents a more 
detailed analysis for the two species concerned. The 
preference for fur and hair by Great Tits and for feathers 
by Blue Tits reported by Perrins (1979) is confirmed by 
the present study, but other observed differences in pref-
erence for nest materials, for example more twigs in 
Great Tits nests, have not been reported previously. The 
preference for moss and leaves in Blue Tit nests is similar 
to that reported by Moreno  et al. (2009). A comparable 
degree of analysis of nest composition is rare, but can be 
found for Amakihi  Hemignathus virens virens (Kern & 
van Riper 1984), Prothonotary Warblers  Protonotaria cit-
rea (Blem & Blem 1994) and Willow Warblers 
 Phylloscopus trochilus (Elts 2005). Such a paucity of 
detailed data is perhaps surprising because use of differ-
ent nest materials may affect functional properties of a 
nest or even be related to the distribution of a species 
(Tomialojc 1992). 
 Table 6. Spearman signed-rank correlation values ( r , with  P -value 
in parentheses) for the relationships between mean air temperature 
(°C) and mass (g) of the total nest and the animal- and plant-derived 
materials in the nests of Blue Tits (see Fig.  5 ) and Great Tits 
constructed during 2008 and 2009 combined.
 Total  Animal  Plant 
 Blue Tit  −0.527 (0.014)      0.047 (0.839)  −0.489 (0.024) 
 Great Tit  −0.092   (0.543)  −0.121 (0.423)   0.084   (0.581) 
 Numbers of nests are shown in Table  1 . 
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Figure 5. Mass (g) of the total material and animal- and plant-derived materials of Blue Tit nests plotted against mean air temperature for 
data from 2008 and 2009 combined. 
  The higher inclusion of wool into the nests of both 
species during 2008 was interesting. Riseholme Park 
has a 300-head flock of sheep that were present during 
both breeding seasons, but only in the spring of 2008 
were they present in a field adjacent to several areas of 
woodland where nesting took place. In 2009 the flock 
were kept elsewhere on the park and away from the 
nesting woodland. The differences in the use of wool in 
both species implies that the birds are flexible in their 
use of materials for nest construction as they find them 
rather than relying on particular materials that may be 
preferable, but harder to find. Wool appeared to be an 
alternative for rabbit fur for both species during 2008. 
When the sheep were absent in 2009 and availability 
of wool was reduced the birds used rabbit fur instead, 
with Great Tits apparently preferring it to horse hair. 
  These findings pose a variety of questions. Firstly, do 
these species, or even individual birds, have preferences 
for particular nest lining materials? Use of feathers is 
widespread in passerine nests (Hansell & Ruxton 2002) 
and certain species exhibit preferences for this particu-
lar material, for example Long-tailed Tits  Aegithalos 
caudatus , Chaffinches  Fringella coelebs and Tree 
Sparrows (Hansell & Ruxton 2002, McGowan  et al . 
2004, Vaughan & Deeming, unpublished data). 
Feathers have been suggested as acting as sexual signals 
for Spotless Starlings  Sturnus unicolor (Veiga & Polo 
2005), but such a role has not been investigated in 
other species. A study manipulating feathers as a nest 
lining material has shown a practical value for particu-
lar materials as insulation (Lombardo  et al . 1995), but 
there seem to be no studies that examine which nest 
material is preferred by birds when given a choice. As 
was shown here and elsewhere (Moreno  et al . 2009) 
Great Tits and Blue Tits prefer to use fur above all other 
options. Therefore, are they willing to invest time and 
energy in seeking a particular nesting material? That 
these species will readily use wool in their nests, when 
it is available, implies that birds may simply use the 
first type of suitable material that they encounter. Our 
distinction between wool and fur may be artificial and 
these two materials are probably seen by the birds as 
being equivalent. Further research should focus on 
experimentally providing differing nest materials and 
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determining the extent to which birds are willing to 
invest energy in collecting them. 
 Nest construction and function 
 This study showed no correlation between hatching 
or fledging success and the mass of the nest, its lining 
or structural components for Blue Tits. For Great Tits 
significant correlations were found, but the picture 
was confused by the differences in fledging success 
between years. Hence in 2008 fledging success 
appeared to go down with increased structural mass, 
but in 2009 fledging success went up with total mass 
of the nest. For hatching success in 2008 the lining 
mass was important, but in 2009 it was the structural 
mass. Reasons for this difference are unclear. Although 
Alabrudzin´ska  et al. (2003) showed that the mass of 
moss in Great Tit nests correlated with the mass of 
hatchlings and fledglings, the role of the nest in deter-
mining the success of incubation and/or rearing has 
not been fully investigated. 
 Temporal and environmental effects 
 Nest composition has been observed to be influenced 
by a variety of factors. In Great Tits, nest mass is cor-
related with breast plumage chroma values in both 
females and males (Broggi & Senar 2009). In Blue Tits, 
mass of the nest also correlates with female quality 
(Mainwaring  et al. 2008) and health (Tomás  et al. 
2006) and even supplementary feeding affects nest mass 
and composition (Mainwaring & Hartley 2009). For 
Blue Tits, Mainwaring & Hartley (2008) showed that 
the mass of the lining decreased as the FED progressed, 
but the total mass and structural mass did not change. 
In 2008 we observed a similar effect for Blue Tit nests. 
Mainwaring & Hartley (2009) reported that the struc-
tural component of the nest was unaffected by time, 
which is in contrast to Blue Tits during 2009 in the 
present study where it was the plant-derived materials, 
which mainly constitute the structural component of 
the nest, that decreased as FED increased. Whether 
FED is an appropriate measure of the completion of 
nest building remains to be clarified; any variation in 
the time between nest completion and laying of the 
first egg may complicate its use. Mainwaring & Hartley 
(2008) considered that increasing temperatures as the 
breeding season progressed correlated with decreased 
nest lining. Having been supplied with the nest and 
climatic data by Mainwaring & Hartley (pers. comm.) 
we found that no such correlation existed for the nest 
lining or the structural component (see later). In the 
present study mean air temperature in the period lead-
ing up to FED in Blue Tits inversely correlated with 
total nest mass and that for plant-derived materials. No 
such relationships existed for Great Tits. This suggests 
that environmental conditions can affect the nest-
building behaviour of at least one species. 
  It was interesting that the two tit species differed in 
the masses of the materials mainly contributing to the 
lining and structural components despite the similarity 
in nest masses. Structural components are presumably a 
function of the area of the bottom of the nestbox, 
which in this study did not vary, and so similar masses 
suggest that these species build nests of comparable 
depths. The difference between species lies in the ratio 
of structural to lining components. Given that the bot-
tom of the nestbox is always covered by the nest, per-
haps the smaller Blue Tit (around 60% the mass of the 
Great Tit) is required to use more plant material to fill 
the bottom of the box before it can make and line a 
nest cup. If this is the case then it would be interesting 
to determine whether the mass of the plant-derived 
structural material exhibits a positive correlation with 
the floor area of a nestbox; there should be no correla-
tion with the mass of animal-derived lining materials. 
  The results presented here support the idea that the 
time of construction affected nest construction by Blue 
Tits, but not Great Tits, at Riseholme. However, 
because there was no consistent pattern between years 
for masses of animal- and plant-derived materials it was 
not possible to determine which of these two compo-
nents was most significant. Timing of reproduction is 
known to be related to climatic conditions (Sanz 2002), 
and nest construction in Blue Tits was affected by air 
temperature. Rainfall during the periods of nest con-
struction was different between years and this may 
impact upon timing of nest building. Hilton  et al . 
(2004) showed that if the nest material was damp it 
adversely affected its insulative properties. Despite this 
it was not possible to use climatic conditions to explain 
adequately the differences in timing of nesting between 
2008 and 2009. That time and climate have no appar-
ent impact on nest construction by Great Tits may 
possibly reflect their larger body size, but otherwise a 
suggestion to explain the differences between the spe-
cies is not forthcoming. Further study is required to 
ascertain which aspects of the environment have the 
greatest impact on nest construction behaviour. 
  Values for nest mass in these two tit species are avail-
able and there seem to be differences according to loca-
tion in Europe. For instance, on average Blue Tit nests 
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constructed in Lancashire (around 75 miles north of 
Lincoln) described by Mainwaring & Hartley (2008) 
were 26% heavier than in the present study with the 
structural component of the nest (base) being a compa-
rable proportion of the total (Mainwaring & Hartley 
Pers. Comm). Nests in central Spain, but at an altitude 
of 1200 m (Tomás  et al. 2006, Moreno  et al. 2009) were 
comparable in mass to those described in the present 
study. Great Tits nests from Poland were twice the mass 
of the nests described here and the proportion of lining 
(presumably animal-derived material) was around 30% 
greater although only the moss component had a 
significant correlation with nest success (Alabrudzin´ska 
 et al. 2003). Depending on the year, Great Tit nests 
from northern Spain (Broggi & Senar 2009) were only 
60–80% of the mass of the nests from Lincolnshire. 
However, it may be coincidental that nests from south-
erly latitudes are lighter than those from the north and 
that altitude may impact on nest mass. Such differences 
may simply reflect variation in the nestboxes used in 
the different locations. 
  Nest materials are often seen as being important 
in conveying information about the health (Soler 
 et al. 2007), quality (Mainwaring  et al. 2008) or 
nutrition (Mainwaring & Hartley 2009) of the indi-
viduals building the nest. Individual materials may 
act as sexual signals (Veiga & Polo 2005) or even 
play a role in controlling ectoparasites (Moreno  et al . 
2009). While these ideas are of great biological 
interest they ignore the fact that the nest’s primary 
function is to provide a site for incubation (Deeming 
2002). Our understanding of how a nest functions in 
this role is very poor. Our study has demonstrated 
that nest construction in Blue Tits at least is affected 
by a variety of environmental factors, including tem-
perature. Investigations of other species of bird may 
reveal that variation in nest mass and composition is 
affected by species, individual bird choice, nest loca-
tion, time, geography and climate. Comparisons 
between Blue Tits and Pied Flycatchers (Moreno 
 et al . 2009) would support this view. All of these 
factors may have significant impacts on how any 
nest functions and each nest may be the result of the 
building process by that bird at that time and loca-
tion. Improving our understanding of how nest vari-
ability affects its function may be important in 
understanding how climate change over the next few 
decades may impact upon the reproductive perfor-
mance of species. The time is right for a more sys-
tematic study of the factors that affect nest 
construction for a range of species. 
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